Obstructive uropathy is an important clinical entity that both urologists and nephrologist deal with. The aim of this study is to provide the available data up to date concerning the etiopathophysiology and the possible treatment options for this emergency situation. A literature search was performed for articles in English, published in journal indexed in Medline from 1970 to 2013, using as keywords: "obstructive uropathy", "acute renal failure", "hydronephrosis", "unilateral renal obstruction" and "bilateral renal obstruction". Patients suffering from obstructive uropathy may be unaware of their problems, especially if the onset is gradual. Obstructive uropathy is responsible for a wide range of metabolic and electrolytic abnormalities that may lead to renal failure especially if the obstruction is bilateral and/or if there was a preexisting degree of renal failure. The timeframe from the occlusion of the collecting system to the development of renal impairment is shorter than we initially thought. Hopefully, nowadays there are plenty of diagnostic workouts to help urologists and nephrologists to diagnose and plan the treatment of obstructive uropathy. Obstructive uropathy needs high clinical suspicion and urgent diagnostic and therapeutic workout.
Introduction
Obstructive uropathy is one of the most urgent clinical entities that both nephrologists and urologist have to diagnose [1] . Epidemiologically, obstructive uropathy accounts for 10% of the causes of acute renal failure and 4% of the cases of chronic end stage renal failure [2] . It is classified on the basis of several criteria, including the degree, duration, site of obstruction and whether it is bilateral or not. The degree of obstruction refers to whether the obstruction of the urine flow is partial or complete. Regarding the duration of the obstruction, obstructive uropathy is categorized in acute and chronic. Acute obstruction occurs for short period of time and therefore renal parenchyma lesions are mostly reversible, while chronic obstruction, after several weeks, causes permanent damage. In cases of chronic obstruction, the term obstructive nephropathy is also used. In this review, we present the causes, pathophysiologic mechanisms, diagnostic approaches and treatment options of obstructive uropathy.
Methods
A literature search was performed for articles published in journals indexed in Medline from January 1970 to June 2013, using as keywords: "obstructive uropathy", "acute renal failure", "hydronephrosis", "unilateral renal obstruction" and "bilateral renal obstruction". Only papers written in English language were included.
Results

Etiology
The causes of obstructive uropathy can be classified into four major categories: inflammatory, neoplastic, inherited and miscellaneous (Table 1) [1] . Topographically, each of these causes can involve the kidney, ureter, bladder and urethra. Inflammatory lesions of the kidney and ureter include tuberculosis, cystic ureteritis, schistosomiasis and amyloidosis. Inflammatory diseases of the bladder and urethra include prostatitis and periurethral abscess. In obstructive uropathy due to cancer, the tumor may involve the kidney, the ureter, the bladder, the prostate and/or in the penis. 
Pathophysiology
Obstructive uropathy is usually unilateral but if it is bilateral, it may lead to anuria. In the first acute phase of obstruction (1-2 first hours), the only difference between unilateral and bilateral obstruction is between the glomerular filtration rate (GFR) and the renal blood flow (RBF) [2] . In the unilateral obstruction, the RBF is reduced in the obstructed kidney, but because of the existence of the contralateral healthy kidney, the GFR remains stable in this phase. In bilateral obstruction, GFR decreases in relevance with the degree of obstruction. The next phase is the intermediate phase (2 -5 h after), followed by the late phase (24 h) and the phase following the first 24 h from obstruction. The tubular damage starts 5 min after obstruction due to the increasing intratubular pressure. The increased pressure is transmitted to the site of Bowman's capsule. This results in the decrease of the intravessel hydrostatic pressure and in the decrease of the GRF. Changes in the RBF further reduce the GFR. In the acute phase of obstruction, the RBF is increased, due to an increase of prostaglandins and prostacyclins caused by the compression of the vascular network of the Bowman's capsule. The increase in RBF is transient and after 2 h, there is a progressive decline of up to 50%. This decrease in RBF is due to the increased renal vascular resistance due to the composition of vasoconstrictor agents such as thromboxane A2 and angiotensin II. Since RBF is reduced, the pressure filtration system in the glomerulus is reduced and there is a further decline in GFR.
In patients with obstructive uropathy, changes in the function of the distal tubule are also observed, regarding the acidification and concentration process. During the acute occlusion initially there is an increase in sodium reabsorption by the tubes and the sodium concentration of the urine is < 10 mEq/L, while the fraction of sodium excretion is < 1% simulating prerenal acute renal failure [3] . While the obstruction is maintained, there is a significant loss of sodium mainly due to tubular damage and reduced activity of the enzyme phosphatase of triphosphate adenosine of sodiumpotassium (Na-K ATPase). The loss of the ability of the distal tubule to reabsorb sodium limits the creation of electronegative potential on the membrane of the tubules, which normally favors the elimination of hydrogen ions and potassium. The retention of hydrogen and potassium results in renal tubular acidosis, which occurs frequently in patients with obstructive uropathy. The inability of reabsorption along the loop of Henle also affects the ability of the distal nephron to condense effectively the urine. The disorder of sodium reabsorption by the carrier Na-K-2Cl in the thick ascending Henle limb results in failure to maintain a concentration in the intermediate space in the kidney. In conjunction with the reduction of aquaporins along the entire nephron and the tubular resistance to the effects of the antidiuretic hormone, disorders in the reabsorption of water also contribute to the inability to concentrate the urine. The reduced ability of urine concentration contributes to polyuria which is observed after removal of the obstructive cause and continues until the balance of solutes has been normalized.
While obstruction remains, fibrosis, atrophy and interstitial cell apoptosis take place in the tubules [4] . This is due to the increased synthesis of metalloproteinases, which results in extracellular fibrin deposition and the activity of macrophages. Macrophages produce cytokines (for example, interleukin 2 and 6, transforming growth factor-beta1, clusterin) which contribute to inflammation and fibration [5] . Furthermore, an accumulation of fibroblasts takes place in the interstitium, which under the influence of cytokines are converted into myofibroblasts inside the extracellular matrix. A conversion of epithelial cells of the renal tubules into active fibroblasts is observed, through suppressing factors such as tubular epidermal growth factor [6] . Also, apoptosis of the epithelial cells of renal tubules leads to atrophy of the tubules. Furthermore, the stimulation of the renin-angiotensin and the action of free oxygen radicals play a role in the development of interstitial fibrosis. If obstruction is not relieved, cell death occurs within approximately 15 days. These histological lesions remain partially after the relief of the obstruction, explaining in some cases the persistence of renal insufficiency [7] .
The increased intratubular pressure causes distension of the renal collecting system. Hydronephrosis involves firstly the calyces and after the pelvis. The effects in the renal parenchyma caused by atrophy are related to the increased pressure and ischemia of arcuate arteries crossing the base of the renal pyramids. As the pressure within the renal collecting system approaches the glomerular filtration pressure (6 -12 mmHg), less urine are produced and the condensing ability of the kidney is gradually lost. The urine still produced are reabsorbed into the interstitial tissue and lymphatics (pyelointerstitial backflow). By this mechanism, an obstructed kidney can continue to produce urine.
Diagnostic work-up
Early diagnosis of the cause of obstructive uropathy is crucial for the prognosis of the disease. Ultrasonography (US) of the urinary tract, the computerized tomography (CT) and CT urography (three-dimensional image reconstitution) using intravenous contrast when renal function is good are gold standard diagnostic tests. US is usually the first imaging examination performed. However, hydronephrosis is a morphological entity and does not necessarily represent a functional disorder. Laing et al reported that when hydronephrosis was diagnosed, there was 35% false negative result in the diagnosis of acute obstructive uropathy [8] . In obstructive uropathy, Doppler US can reveal a kidney resistance index > 0.7, and a difference in the resistance index between the two kidneys > 0.06-0.1 [9] . The widely used intravenous urography can provide useful information about renal function and the level of obstruction but the use of the nephrotoxic contrast significantly limits its use in patients with impaired renal function [10] . In patients that we need to avoid exposure to ionizing radiation (for example, pregnant women) or in cases of allergy to iodized contrasts, magnetic urography can be performed [11, 12] .
After the management of obstructive uropathy, radioisotopic techniques can demonstrate the residual renal function.
In renal scintigraphy, most commonly used radioisotopes are (Tc) 99m DMSA, the (Tc) 99m MAG 3 and the (Tc) 99m DTPA [13, 14] .
Surgical management and follow-up
Emergency treatment of obstructive uropathy is needed in the presence of bilateral obstruction, urosepsis, uremia and hyperkalemia, persistent renal colic, worsening of hydronephrosis and renal impairment (creatinine increased, or GFR decreased which is a more accurate).
Regarding the dilemma to insert a ureteral stent (JJ stent) or a percutaneous nephrostomy, literature indicates that both procedures do not show any statistically significant difference in terms of efficacy [15] . However, in some hospitals, percutaneous nephrostomy is placed only by the interventional radiologists that may not be available in an emergency basis. In patients that receive anti-coagulation medication, the preferred therapy is JJ stent placement whereas in the case of urosepsis, percutaneous nephrostomy placement is the gold standard therapy. In obstructive uropathy due to cancer, there may be difficulties during the insertion of a JJ stent [15] .
After the management of the obstruction, polyuria may happen, especially in cases of bilateral obstruction or obstruction in a solitary kidney. Polyuria is due to a significant decrease in the receptor transport and because of reduced sodium reabsorption from the descending limb of the Henle loop. Usually, polyuria resolves when fluid and electrolyte homeostasis is achieved. Monitoring the level of consciousness and the vital signs, electrolyte supplementation and a gradual reduction of the administered intravenous fluids are essential.
Pain management
Obstructive uropathy pain is due to the increase of the pressure within the collecting system and due to ureteral wall/ renal capsule distention. Drugs are used to treat pain associated with acute renal colic, involve nonsteroidal anti-inflammatory drugs (NSAIDs), narcotic analgesics, corticosteroids and alpha blockers [16] . NSAIDs have been demonstrated to reduce collective system pressure by targeting the inflammatory basis of pain [17] . As expected the choice of pain management should be based on the patient clinical profile. In these terms, NSAIDs should not be used in patients with renal insufficiency.
Prognosis and future perspectives
It appears that patient's age, duration of obstruction, initial renal function and existence of urine extravasation are prognostic factors. Most researchers agree that obstruction remaining for more than 6 weeks results in the emergence of a degree of irreversible chronic renal disease. The US measurement of the thinning of the renal parenchyma can assess the extent of renal damage [18] . Kiratli et al reported that the presence of collagen and elastin in the renal parenchyma is also associated with negative prognosis [19] . Studies have used these molecules as prognostic factors of obstructive uropathy [20] .
There are available data in the literature concerning therapies that are used in order to minimize kidney damage in chronic renal failure. These treatment modalities are potentially adjuvant therapies after treating obstructive uropathy. Angiotensin receptor 1 blockers (ARBs) are nephroprotective drugs in chronic kidney disease and early treatment with an ARB could preserve renal function [21] . Another study demonstrated the beneficial effects of ARBs on glomerular injury, which were contributed to the blockade of the AT1 receptor and to the increased angiotensin effects transduced through the AT2 receptor [22] .
Conclusions
In obstructive uropathy, the understanding of the underlying pathophysiological changes may help to increase the clinical suspicion of both urologists and nephrologists. There are diagnostic and therapeutic work-ups ( Fig. 1 ) that can contribute to the best management of the patients. Larger studies assessing the efficacy of such algorithms are needed as well as closer collaboration between urologists and nephrologists.
